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Abstract 
 
We investigated five soil profiles developed on subalpine and 
alpine environment in northern Italy (Val di Sole, Trentino) with 
respect to their radiocarbon ages, soil mineralogy and 
chemistry. The purpose of this research was to document 
chemical weathering in a periglacial environment and to use 
the clay mineralogy and radiocarbon ages to explain 
landscape evolution. The time of developing of the soil 
horizons, obtained by the extraction of the stable pool of the 
soil organic matter (SOM) ranged between 2500 and 17000 
years. The extraction of the oldest and most stable organic 
matter was carried out by the oxidation of organic matter using 
H2O2. The development of clay minerals and especially of 
smectite reflects weathering intensity. Smectite and mixed-
layered minerals were discernible in the surface horizons at all 
sites, except for one soil developed in the high alpine zone 
(2370 m asl). The oldest surfaces developed for about 17000 
years (since the oldest Dryas equivalent). Chemical and 
mineralogical analyses were in good agreement with 
numerical dating techniques and showed the dynamics of 
Alpine landscape within a relatively small area.  
 
1. Introduction 
 
Easily recognizable traces of climatic variations make high 
mountain areas "storytellers" about past climate change 
effects on landscape dynamics. Soils developed on glacial and 
periglacial features, such as lateglacial moraines and rock 
glaciers, give the opportunity to date the retreat stages of the 
glaciers and to investigate the subsequent geomorphological 
modifications occurred during the Lateglacial ice retreat at the 
end of the last Ice Age (20000-11500 years BP) and also in 
the entire Holocene period. Several methods exist which use 
soils to distinguish surfaces of different ages. However, the 
methods are far beyond of being all suitable in the Alps (Fitze 
1982; Veit 2002) and they give, furthermore, rather relative 
instead of numerical ages. Soil pH, translocation of organic 
matter, and development of typical spodic horizons all seem to 
attain a steady state within a few hundred to thousands of 
years. The dating of soil organic matter (SOM) with 14C is well 
suitable, if resilient substances can be found and dated, giving 
the possibility to elucidate soil dynamic processes 
(Scharpenseel & Becker-Heidmann 1992; Favilli et al. 2008). 
Resilient substances are produced almost at the beginning of 
soil formation and are in close and strong association with the 
mineral phase (Righi & Meunier 1995), The aim of this study 
was to get insights on the evolution of subalpine and alpine 
soils by comparing numerical and relative dating techniques. 
We investigated 5 soil profiles, located short distance apart, 
developed in subalpine and alpine zones on different 
morphological aspects with respect to the development of clay 
minerals and to radiocarbon age of the stable organic matter 
and charcoal fragments. We applied relative dating using 
pedogenetic and weathering parameters, basing on the 
premise that soil development is time-dependent (Zech et al. 
2003). Any difference in relative dating can be used as a 
reflection of the age. A main focus is addressed to glacial 
deposits where different methods can be cross-checked. 
 
2. Materials and Methods 
 
2.1. Study area and investigation sites 
The investigation area is located in Val di Rabbi, a lateral 
valley of Val di Sole, Trentino, in the south Alpine belt in 
northern Italy (Fig. 1). The climate of the valley ranges from 
temperate to alpine (above the timberline). Mean annual 
temperature ranges from 8.2 (valley floor) to around 0° (at 
2400 m asl) and mean annual precipitation approximately from 
800 to 1300 mm/year (Servizio Idrografico 1959). The 
timberline is close to 2100-2200 m asl and the forests are 
dominated by the conifers Larix decidua and Picea abies 
(Pedrotti et al. 1974). Areas above 2300 m are covered with 
rocks, boulders and short-grass meadows dominated by Carex 
curvula and Nardus stricta. The five investigated sites (Table 
1) were between 2083 m asl and 2380 m asl. The whole 
landscape near the investigation sites was influenced by 
glaciers and all the soils developed on moraines or on 
rockglaciers (paragneiss). According to the geomorphological 
studies of Filippi et al. (2007), surface ages can be estimated 
to be around 14000 to 16000 years. The soil profiles were 
selected during a soil cartographic inventory and can be 
considered as representative of the elevation zones. Soils 
were classified as Entic Podzol at lower altitude and Cambic 
Leptosol at 2300 m asl according to the WRB (IUSS working 
group 2006). Soil material was collected from excavated pits 
and undisturbed soil samples were taken, where possible, 
down until the BC horizon.  
 
Fig. 1 Location of the investigated sites 
Table 1 
Characteristics of the study-site 
  
Soil 
Altitude  
(m asl)
Aspect 
(°N) 
Slope 
(%) 
Parent 
material 
WRB 
(2006) 
 Lax 1 2083 240 32 Paragneiss Entic 
Podzol  
 Rabbi 
38 
2100 60 32 Paragneiss Entic 
Podzol 
 Rabbi 
29 
2230 70 55 Paragneiss Haplic 
Podzol 
 Rabbi 
43 
2380 320 5 Paragneiss Umbric 
Lepthosol
 Rabbi 
44 
2370 300 10 Paragneiss Umbric 
Lepthosol
 
2.2. Soil chemistry and physics 
The samples were air-dried, large aggregates were gently 
broken by hand and sieved to < 2 mm. Total C and N contents 
of the soil were measured with a C/H/N analyser (Elementar 
Vario EL, elementar Analysensysteme GmbH). Total C 
corresponds in our case to organic C due to the absence of 
any carbonates in the soil. Soil pH (in 0.01 M CaCl2) was 
determined on air-dried samples of fine earth (< 2 mm) using a 
soil solution ratio of 1:2.5. The dithionite- (Fed, Ald) and 
oxalate-extractable (Feo, Alo) fractions were measured 
according to McKeague et al. (1971).  
 
2.3. Soil mineralogy 
The clay fraction (< 2 µm) was separated by sedimentation 
(Carnicelli et al. 1997). Slides were scanned from 2° to 15° 2θ 
with steps of 0.02° 2 θ at 2 s per step. The following 
treatments were performed: ethylene glycol solvation (EG) and 
K saturation, followed by heating for 2 h at 335 and 550° C 
(Brown & Brindley 1980). Digitised X-ray data was routinely 
smoothed and corrected for Lorentz and polarisation factors 
(Moore & Reynolds 1997).  
 
2.4. Fractionation of stable organic matter  
Acting on the assumption that chemical oxidation mimics 
natural oxidative processes we treated the soils with 10% H2O2 
to eliminate more labile organic material from more refractory 
organic matter (Helfrich et al. 2007; Favilli et al. 2008). The 
stable fraction at the end of the treatment was supposed to be 
the first organic matter formed in the sediment after glacier’s 
retreat (Favilli et al. 2008). 1 gram of air-dried soil was wetted 
for 10 min with distilled water in a 150-ml beaker. Afterwards, 
90 ml of 10% H2O2 were added. The procedure was run at a 
minimum temperature of 50° throughout the treatment period. 
Peroxide treatments were performed for 168h (7 days). At the 
end of the treatment the samples were washed three times 
with 40 ml deionised water and freeze-dried and the weight 
recorded, analysed for total C and N and 14C dated (AMS).  
 
2.5. Charcoal  
The identification and dating (14C, AMS) of charcoal gives a 
rough idea about fire events, plant communities and landscape 
evolution. Charcoal was separated from the soil material and 
dried at 40°C. The individual particles were analysed 
microscopically and separated into coniferous and broad-
leafed tree species (Schoch 1986) with a stereomicroscope 
(magnification 6.4-40x, Wild M3Z Leica, Germany). The 
charcoal fragments from the coniferous trees were divided 
further at the genus level using a reflected-light microscope 
(objective 5x, 10x, and 20x, Olympus BX 51, Japan). The 
observations were compared with a histological wood-
anatomical atlas, using an identification key (Schweingruber 
1990).  
 
 
 
2.6. Radiocarbon dating 
The samples were heated and catalytically reduced over 
cobalt powder at 550°C to elemental carbon (graphite). This 
mixture was pressed into a target and the ratios 14C:12C (for 
radiocarbon age) were measured by Accelerator Mass 
Spectrometry (AMS) using the tandem accelerator of the 
Institute for Particle Physics at the Swiss Federal Institute of 
Technology Zürich (ETH). The calendar age was obtained 
using the CalPal calibration program (Danzeglocke et al. 
2008). 
 
3. Results 
 
3.1 Chemical composition and physical aspects of the soils 
The investigated soils are characterised by a high proportion 
of soil skeleton (Table 2) ranging from 0% up to 60%. These 
are typical values for alpine soils on a morainic substratum 
(Egli et al. 2001a). All investigated soils have a sandy to silty-
sandy texture. The weathering effect is clear in the decrease 
of the grain sizes from the bottom to the top of the soil profile. 
The acidification of the soils is pronounced due to the siliceous 
parent material. Eluviation and illuviation of Fe and Al were 
typical for the podzol-like soils (Rabbi 29, Lax 1, Rabbi 43 and 
Rabbi 38). A distinct increase of iron and aluminium 
extractable forms was observed in all the spodic horizons (Fig. 
2). Rabbi 43 was rather shallow but showed the typical 
characteristics of a podzol; especially the clear translocation of 
organic C in the Bhs horizon, due to the intense leaching 
conditions (Table 2). No clear translocation of Fe and Al was 
measured in profile Rabbi 44. In this soil an irregular 
distribution of organic C was observed in the Ab horizon. This 
increase of organic C in the profile (from 1.95% to 6.20%) 
suggests the burial of a pre-existing soil surface by a 30 cm 
thick layer.  
 
 
 
Fig. 2 Eluviation and illuviation of Al and Fe (dithionate 
extraction) 
 
 
Table 2. 
Physical and chemical characteristics of the investigated soils 
Site and 
horizons 
Depth 
(cm) 
Skel. 
(%) 
pH Org. C 
(%) 
Tot N 
(%) 
Alo 
(g/kg)
Fe o 
(g/kg)
Lax 1        
AE 0-11 6.8 3.5 5.7 0.3 2.2 7.1 
Bs1 11-26 15.8 3.8 3.5 0.2 6.4 20.2
Bs2 26-50 47.1 4.3 2.3 0.1 6.3 10.1
Rabbi 38        
AE 0-4 4.6 3.7 10.4 0.6 1.7 5.6 
BE 4-8 10.1 3.6 6.1 0.3 1.9 6.1 
Bs1 8-20 51.1 4.1 3.9 0.2 10.3 19.6
Bs2 20-45 45.0 4.4 1.7 0.1 5.8 9.4 
BC 45-60 34.1 4.5 0.7 0.1 4.0 1.7 
Rabbi 29        
AE 0-9 3.0 3.4 18.5 2.8 2.8 5.7 
Bhs 9-20 19.4 3.7 6.4 1.2 6.3 24.9
Bs 20-40 57.7 4.1 2.5 0.9 6.4 8.8 
Rabbi 43        
AE1 0-4 8.0 3.4 12.5 0.7 2.0 2.5 
AE2 4-12 21.1 3.5 4.8 0.2 2.5 4.3 
BhS 12-20 45.1 3.8 7.1 0.3 8.3 13.8
Rabbi 44        
A 0-8 0.4 3.8 5.5 0.4 3.1 7.1 
Bw1 8-20 1.0 4.0 2.1 0.1 2.5 9.6 
Bw2 20-32 31.2 4.1 1.9 0.1 1.6 4.2 
Ab 32-35 1.9 3.9 6.2 0.4 4.4 6.5 
Bbw 35-40 49.2 4.2 0.9 0.1 1.6 3.7 
 
3.2 Charcoal 
Dating of charcoal fragments from the horizons of one of the 
most developed profile (Lax 1) gave increasing 14C ages with 
soil depth. An age of 3271 ± 65 cal BP was measured in the 
upper horizon and 10353 ± 86 cal BP in the lower one (data 
not shown). Because the oldest charcoal were found in the 
mineral soil, the increase of age with increasing soil depth can 
be explained by a downward migration of charcoal caused by 
roots or soil water (Carcaillet 2001). The charcoal fragments 
could be identified as Larix and Pinus - the same kind of trees 
which actually dominate the forest. After about 150-300 years 
of soil formation, first Larix-trees are able to growth at such an 
altitude according to the plant succession model of Burga 
(1999). The measured age of 10353 cal BP of the charcoal 
and the minimum time necessary for tree-growth would give a 
minimum age of soil formation of about 10700 cal BP which 
corresponds very well with measured age of the resistant 
organic matter fraction after the H2O2 extraction (in the surface 
horizon). 
 
 
 
3.3 Radiocarbon age of soil organic matter 
The age of SOM varied considerably within a soil profile (Table 
3). Soil OM is composed of fractions differing in structure, 
genesis and age, and is exposed  to various diagenetic 
processes. According to Favilli et al. (2008), the H2O2 
treatment seems to enable the dating of undisturbed 
Holocene-aged soils. H2O2 is a strong reagent to oxidise all 
labile organic matter in soils. The isolated “inert” carbon pool 
can be considered to be characteristic of absolute soil age 
(Chichagova & Cherkinsky 1993). A decreasing age with soil 
depth was measured in the profiles Lax 1 and Rabbi 38. No 
such trend was determined in the profiles Rabbi 29, Rabbi 44 
and Rabbi 43. Due to high org. C content in the topsoil (> 11% 
org. C), it seems that not all labile organic matter was oxidised 
which led most probably to too young ages. The clay 
mineralogy results (see below) support such a hypothesis. 
Nonetheless, the 14C ages of SOM support the Holocene and 
late Pleistocene age of the surfaces. The treated samples from 
soil profile Rabbi 38 reached the highest ages, indicating 
17729 ± 133 cal BP. In the investigated area, this age 
represents an ice-free surface with already formation of 
organic material during the first stages of deglaciation. 
According to previous studies (Fairbanks 1989; Johnsen et al. 
1992), documented by ice cores and global sea level records, 
deglaciation from the LGM occurred worldwide during the 
three millennia 18 – 15 ka BP. The low age measured in the 
topsoil of Rabbi 29 after the H2O2-treatment does not indicate 
the start of soil formation as the age would be much too 
young. H2O2 was probably either not able to remove all young 
organic matter (due to the high organic C content of 18%) or 
the high amount of young organic material was able to 
exchange the old organic C. The podzolic characteristics as 
well as the clay mineral assemblage indicate that the soil must 
be older (see below). The age derived from the Bs horizon 
would be much more reliable (11187 BP). The material on 
which this soil developed was probably deposited during a re-
advance of the glacier sheet during the “Palù Coldphase” in 
the Preboreal chronozone (between 11600 - 10200 cal BP; 
Maisch et al. 1999). The dated, untreated material from soil 
profile Rabbi 43 (Table 3, horizon Bhs) points to a very young 
age. Strong leaching conditions, due to the very low pH, have 
caused the downward migration also of the young-age organic 
material coming from the top, rejuvenating the real age of the 
horizon. The H2O2-treatment, performed on the same sample 
shows an age of 10690 ± 110 cal BP of the resilient OM-
fraction. The 14C results show that the site Rabbi 44 has a 
polygenetic soil. Soil formation of the initial layer started 
around 13800 cal BP and ended, due to an accumulation of 
eroded material, around 2600 cal BP. Soil profile Lax 1 shows 
an age of 10851 ± 174 cal BP in its topsoil. According to its 
age, to its position (Fig. 1) and to the development of clay 
minerals and podzol features (Fig. 2; Table 4) the morainic 
material on which this soil profile developed is the same as of 
the soil profile Rabbi 29. 
 
Table 3. Radiocarbon ages of investigated soils and charcoal 
fragments 
Site Soil 
horizon
14C untreated 
cal BP 
14C H2O2 - treated
cal BP 
Lax 1 AE 130 ± 106 10851 ± 174 
 Bs1 590 ± 44 9104 ± 96 
 Bs2 1432 ± 63 8498 ± 64 
Rabbi 38 AE Modern 14683 ± 313 
 BE Modern 17729 ± 237 
 Bs1 712 ± 24 11626 ± 213 
 Bs2 2929 ± 55 11068 ± 147 
 BC n.d. n.d. 
Rabbi 29 AE n.d. 2422 ± 68 
 Bhs n.d. n.d. 
 Bs n.d. 11187 ± 56 
Rabbi 43 AE1 n.d. 5846 ± 71 
 AE2 n.d.  
 Bhs 616 +- 43 10690 ± 110 
Rabbi 44 A n.d. 8649 ± 58 
 Bw1 n.d. 8888 ± 104 
 Bw2 n.d. n.d. 
 Ab 2594 +- 101 13840 ± 179 
 Bbw   
n.d. = Not determined 
 
3.4 Clay minerals  
An overview of the clay minerals detected in the investigated 
soils is given in Table 4. In the surface soil horizon, smectite 
compounds were measurable in all studied soils except in the 
A horizon of the polygenetic soil (Rabbi 44). No smectite was 
detected in the lower horizons in all soils. In the top layers of 
Rabbi 38 a high concentration of smectite was measured with 
a concomitant decrease in chlorite (which was present 
especially in the subsoil). The formation of hydroxy-
interlayered vermiculite (HIV) and of hydroxy-interlayered 
smectite (HIS), which can be traced back to the first stage of 
chlorite weathering, show an increasing trend from the subsoil 
to the top. A high amount of smectite was discernible already 
in the Bs1 horizon, together with a distinct decrease in the 
mica concentration. The same trend could be found in the Lax 
1 profile whose age is around 11000 years BP – derived from 
SOM and charcoal analyses (Table 3). A similar trend of 
increasing smectite and decreasing chlorite and mica contents 
towards the soil surface were detectable in the profile Rabbi 
29. The calibrated radiocarbon age of the top layer was, 
however, only around 2500 cal BP. The smectite content in the 
surface layer points rather to a similar age compared to the 
profile Lax 1 and, thus, to around 11000 years (which was 
furthermore measured in the subsoil of profile Rabbi 29). A 
distinct erosion event is less probable, because the profile did 
not show any macromorphological signs of erosion and the 
whole profile is well developed. We assume, therefore, that 
H2O2 was probably not able to remove all labile organic matter 
which consequently led to a too young age of the H2O2-
resistant fraction. The high initial organic C content in the 
topsoil (18%) was consequently too high for the H2O2 
treatment. A similar effect could be measured in the other soil 
Rabbi 43 which has an organic C content in the top layer of 
more than 11%. The real age is probably older.  
The soils developed at higher altitude (Rabbi 43 and Rabbi 
44), even if they are short distance apart, showed great 
differences in their evolution. The site Rabbi 43 has an age of 
about 10700 cal BP and typical features of a podzol. Chlorite 
is present only in the subsoil, the content of mica decreases 
gradually towards the topsoil as well as kaolinite. Smectite 
content increases in the topsoil. Site Rabbi 44 has a buried 
soil which was dated back to 14000 cal BP and an actual top 
layer with an age of 8700 - 8900 cal BP. The clay mineral 
evolution in the buried top layer (Ab) shows a high degree of 
weathering with a relatively high amount of smectite and 
vermiculite. The actual top soil (A horizon) does not show any 
podzolic features. No translocation of Fe and Al forms did 
occur. No smectitic components but only transitory weathering 
products such as mica/HIV were detected and prove the initial 
stage of weathering. According to the 14C ages it seems that 
the actual topsoil material was deposited around 2600 cal BP 
(14C age of organic fragments in the bulk soil in the Ab 
horizon).  
 
 
 
 
 
 
 
Table 4 
Minerals in the clay fraction of the investigated soils: an 
overview 
Site and 
horizons 
Mica Chlor Verm Smec M / Va HIVb Mica / 
smec
Kaol 
 
Rabbi 38 
        
AE x  x x x  x x 
BE x  x x  x x x 
Bs1 x x x x x x x x 
BC x x x  x   x 
Lax 1         
AE x   x x x x x 
Bs1 x x x x x x x x 
Bs2 x x x x x  x x 
Rabbi 29         
AE x  x x  x x x 
Bs x x (x)  x (x) x x 
Rabbi 43         
AE1 x  x x x x x x 
AE2 x  x x    x 
BhS x x   x  x x 
Rabbi 44         
A x x x  x   x 
Bw1 x x x     x 
Ab x x x x    x 
Bbw x x x   (x)  x 
 
aM / V = irregurarly interstratified mica/vermiculite; bHIV = Hydroxy-
interlayered vermiculite; Chlor = Chlorite; Verm = Vermiculite; Smec = 
Smectite; Kaol = Kaolinite; x  = present in significant amount; (x) = traces 
 
 
 
 
4. Discussion 
 
The investigation carried out by the use of relative and 
numerical dating techniques gave us the opportunity to 
distinguish surfaces of different ages and to enlighten the 
processes occurred during the pedogenesis of the studied 
soils. Regarding the amount of organic C, we can notice that 
the highest amount of organic C was found in the soils 
developed below the timberline and just above it (Rabbi 38, 
Lax 1 and Rabbi 29). The soils at higher altitude show a 
decrease in the organic C content, even if it’s not so 
pronounced. Intense leaching conditions have favoured the 
downward movement of organic carbon, contributing to the 
development of podzol-like features. This fact is well 
noticeable in the Rabbi 43 soil, which shows the formation of a 
clear Bhs horizon (Fig. 2 and Table 2). The chemical evolution 
of this soil profile confirms that it has had an undisturbed 
development during the last 10000 years – a time span which 
leads to well-developed podzols (Barett and Schaetzl 1992; 
Lundström et al. 2000). The migration of Al and Fe forms can 
be explained as a function of time of soil development (Fig. 2). 
The polygenetic soil Rabbi 44 showed first-steps of Fe forms 
leaching but not of Al. This support the findings about clay 
minerals development and radiocarbon ages which showed 
that the most weathered, and therefore the soils in which 
podzolisation is more pronounced, are the ones developed 
near the timberline. This results agree with the findings of Egli 
et al. (2004; 2006), who found the greatest amount of organic 
C and of element leaching in the subalpine forest near the 
timberline, with decreasing values with both higher or lower 
altitude. Soil chemistry and especially mineralogy reflect the 
development of the individual sites. According to Egli et al. 
(2001b) distinct amounts of smectites can only be found in well 
developed soils having an age of >8000 years. Smectite and 
regularly interstratified dioctahedral mica/smectite could be 
generally identified in the most weathered horizons (Egli et al. 
2001b; 2003). Except in one soil (Rabbi 44), a distinct amount 
of smectites was measured in the surface horizons. The 
formation of smectite could be traced back to the 
transformation of chlorite and mica over intermediate phases 
such as interstratified mica/HIV or HIS (Carnicelli et al. 1997; 
Egli et al. 2003). The accumulated material on top of the 
former soil at Rabbi 44 showed no major clay mineral 
transformations. This is in agreement with the measured 14C 
data of (untreated) organic fragments in the buried horizon 
which gives an approximate date of erosion and accumulation 
event. Calibrated radiocarbon age of the stable organic matter 
in this horizon is around 13800 BP (Table 4). Radiocarbon age 
of organic fragments from the same horizon shows an age of 
around 2600 cal BP. Soil formation occurred, therefore, from 
around 13800 – 2600  cal BP, i.e. during around 11200 years. 
Soil development in alpine mountains begins very shortly after 
deposition of superficial material and when landscapes have 
begun to stabilize (Birkeland et al. 1987). There is a good 
agreement with the age obtained from dating of charcoal and 
H2O2-resistant organic matter in soil profile Lax 1 (soil age 
derived from charcoal: 10700 cal BP and soil age derived from 
OM (H2O2 resistant): 10851 cal BP). This age corresponds well 
with the end of the Egesen-equivalent glacial state (Maisch et 
al. 1999; Kerschner 2000). Soil formation could start 
approximately 11000 cal BP. The soil profile Rabbi 38 would 
consequently have an age of 17729 cal BP (oldest age of the 
H2O2-resistant OM fraction). This age fits to the oldest Dryas 
when moraines of the Gschnitz-, Senders- and Daun-
equivalents were deposited (Maisch et al. 1999). Lax 1 and 
Rabbi 29 are on a moraine within a glacial cirque where a 
small, alpine glacier probably re-advanced during the Egesen-
equivalent. Rabbi 38, however, seems to be on an older part 
of the moraine which most probably became ice-free after the 
decay of the main valley-glacier. Consequently, the 
morphological position of the soil profiles supports the findings 
of the dating. Soil Rabbi 44 started its evolution13840 cal BP 
at 2370 m asl, during the Bølling-Allerød interstadial (Maisch 
et al. 1999). The development of this soil was interrupted by 
the deposition of new material around 2600 cal BP. The 
accumulation was probably due to periglacial activities 
(solifluction) during a colder period around 3000 y BP. This 
periglacial activity would fit with the ‘Göschener’ cold phase I 
which occurred around 3000 cal BP (Maisch et al., 1999). 
The oxidation process left behind intrinsically resistant organic 
matter (Theng et al. 1992; Cuypers et al. 2002), supporting the 
Holocene and late Pleistocene age of the surfaces. The H2O2 
treatment allowed the detection of the first organic matter 
formed after the moraine deposition. A higher 14C age in the 
topsoil or near the surface should be the theoretical 
expectance since soil formation and weathering, on a morainic 
substratum, starts at the surface and proceeds with time into 
greater depths. The investigated soils are podzols and 
consequently have a low biological activity and no 
earthworms. Organic matter from plants and animals is 
incorporated into soil material and mixed with the mineral part. 
In the investigated Alpine soils, 3 – 15% of SOM in the surface 
horizons must be attributed to a very old OM fraction obtained 
after the H2O2 treatment (Favilli et al. 2008). Although the 
proportion of this fraction increases with soil depth – which 
would fit with the findings of O’Brien & Stout (1978) – its mean 
age decreases. Humic compounds may contract close and 
strong associations with the mineral phase, especially with 
clay minerals (Righi & Meunier 1995). Clay organic 
complexes, once formed, do not easily exchange the organic 
component with infiltrated younger humus components 
(Scharpenseel & Becker- Heidmann 1992). In contrast to the 
treated samples, the untreated samples showed an increase 
of age with soil depth. This was explained by a continuous 
rejuvenation of SOM from the soil surface. Most of modern 
carbon is less than 100 years old and decreases exponentially 
with increasing depth leading to an increase of the percentage 
of old carbon present (O’Brien & Stout, 1978; Mikutta et al. 
2006). 
 
5. Conclusions 
 
The presented preliminary results gave the following principle 
findings: 
- Extraction and dating of resilient organic matter from 
alpine soils gives reliable ages about an ice-free 
surface, the first stages of soil organic matter formation 
and offers new perspectives in deciphering landscape 
history. For a better interpretation of the obtained ages, 
the ages have to be compared with other relative or 
absolute dating techniques.  
- Charcoal in the soils gave indication about the type of 
vegetation and the timing of vegetation and soil 
development 
- Clay minerals can be used as a relative dating method 
as they clearly reflect landscape history. Distinct 
amounts of smectite could be only detected in relatively 
old soils 
- Soils chemical characterization is a fundamental tool to 
understand the degree of podzolisation and to get 
insights about glacial and periglacial processes (i.e. 
burying event).  
14C data and clay mineralogy can be used for a cross-check of 
the results. The combination of these methods leads to a 
better understanding of landscape history and development. 
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